The importance of cations in media used for streptomycin production has been investigated by several workers. Potassium, zinc, magnesium, manganese, and iron have been shown to be necessary for maximal production of streptomycin in synthetic media (Woodruff and McDaniel, 1954) . Other studies (Garner et al., 1953) have shown that it was necessary to add iron and magnesium to a meat extract medium to obtain maximal streptomycin production. Calcium caused an increase in streptomycin production when added alone to the meat extract medium, but had no effect in the presence of iron and magnesium. When the amount of iron or calcium was increased beyond the optimal levels, the yield of streptomycin was decreased (Garner et al., 1953) . The first published studies on the detrimental effect of iron on the production of streptomycin came from researchers in Japan (Takeda and Wataru, 1949; Umezawa et al., 1950). They found that streptomycin production was poorest in carbon steel fermentors, slightly better in stainless steel plated and nickel plated fermentors, and best in tin plated fermentors (Umezawa et al., 1950). These results, however, may have been influenced by the plating technique used since the authors stated that the nickel plating lasted for only two experiments. Shaken flasks containing pieces of carbon steel plated with nickel, stainless steel, or tin showed that the carbon steel rieduced streptomycin activities and that all three plating materials nearly completely overcame the inhibitory effect of iron (Takeda and Wataru, 1949).
The enzyme, mannosidostreptomycinase, first described by Perlman and Langlykke (1948), converts mannosidostreptomycin to streptomycin. Since mannosidostreptomycin has less biological activity than streptomycin and also because the presence of mannosidostreptomycin interferes with crystallization of streptomycin, this enzymatic conversion is of commercial importance. Under normal conditions mannosidostreptomycinase usually appears near the end of the fermentation when the glucose concentration becomes minimal, but occasionally it does not appear. These same authors also noted that the presence of copper oI mercury inhibited the activity of the enzyme. Other investigators (Hockenhull et al., 1954) reported that relatively high concentrations (0.01 M) of copper and iron markedly reduced the enzyme activity, whereas potassium, magnesium, calcium, and barium had no effect.
This paper presents data obtained in a study of the effect of selected cations on mannosidostreptomyciniase activity and streptomycin production in media similar to those used for commercial streptomycin production. The inhibitory effect of Fe++ on the enzyme activity was verified and the reversal of this inhibition by Ca++ is reported. The inhibition produced with Fe++ appears to involve enzyme synthesis rather than enzyme activity. The inhibitory effect of minute amounts of Ni++ on the production of streptomycin and the reversal of this inhibition with Fe++ is also reported.
MATERIALS AND METHODS
The organism, a mutant strain of Streptornyces griseus capable of producing very high yields of streptomycin, was maintained and grown on soybean medium as in Example I of Dulaney's patent (1951). Two major differences from Dulaney's procedure were (a) that the seed medium was essentially corn steep liquor and water, and (b) that there were two culture transfers instead of one through the seed medium.
Fermentation times were 24 to 48 hr on the seed medium and 168 to 192 hr on the soybean medium. The fermentations were conducted in 250-ml Erlenmeyer flasks, containing 40 ml of medium, on a rotary shaker with a rate of 220 rpm and a throw of 14 in. The exceptions are noted in the tables. The salts used for the cation additions were as follows: Fe++ It should be emphasized that the level of enzyme activity observed over 200 units per ml is not as important as the nonappearance of the enzyme. The level of enzyme activity necessary to produce a reasonably rapid conversion of mannosidostreptomycin to streptomycin is at least 200 units per ml (Hockenhull et al., 1954) . Findings in our laboratory agree with this figure. As a rule, there is a fairly wide range of maximal enzyme activities.
Reversal of the Fe++ Inhibition of Mannosidostreptomycinase Activity
Of the four cations that inhibited enzyme activity, iron was selected for further study. In table 2, data are In shaken flasks, it has been possible to reverse the inhibitory effect of Fe++ on maiinosidostreptomycinase activity by making additions of Ca++ to the fermentation broths. The level of Ca++ required to reverse the inhibitory effect of Fe++ was dependent on the level of Fe++ in the broth.
The inhibitory effect of Ni++, Cr6+, or Zn++ upon enzyme activity was not studied beyond making the initial observation.
The inhibitory effect of Cu++ or Ni++ upon streptomycin production was marked. Ferrous ion (25 ppm) reversed the inhibition of Ni++ (5 ppm). The inhibitory effect of Ca++ on streptomycin production could be overcome by making the addition of the cation late in the fermentation cycle.
UJnder the particular conditions of these experiments, a level of approximately 25 ppm Fe++ would be desirable. The inhibitory effects of other cations on streptomycin production would be minimized and the production and activity of mannosidostreptomycinase would not be disturbed. 19360]
SUMMARY

